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TECHNICAL FIELD 
[0001] This patent relates to microphones, and more particularly, to electret 
condenser microphones incorporating an acoustic resistive element. 

BACKGROUND 



[0002] Unidirectional electret condenser microphones (ECM"s) typically include a 
housing, a diaphragm and a ring assembly, a backplate, and a spacer separating the 
diaphragm and ring assembly from the backplate. The ECM may also include an 
amplifier that may be disposed on a printed circuit board electrically coupled to the 
backplate. These components are moxmted within the housing. One way in which 
ECMs operate is by allowing acoustic vibrations to enter the housing and allowing the 
diaphragm to vibrate in response thereto. The vibrating diaphragm causes a 
capacitance change between the diaphragm and the backplate that may be detected as 
an electrical signal. The electrical signal is coupled to the amplifier by a suitable 
conductor, such as wire, to produce an output from the ECM. 
[0003] Typically, the unidirectional ECM should provide a high performance and 
control so that the sound coming from the front of the microphone is reinforced and 
the sound coming from the back is canceled. A unidirectional ECM may be made 
directional in order to enhance the performance with respect to sound coming from 
the front of the microphone by adding a second sound inlet port, such that there is one 
at the front and one at the back of the ECM. The sound entering from the front of the 
microphone goes directly to the diaphragm. The sound entering from the back of the 
microphone is delayed by a resistive/capacitive (RC) acoustic network. This delay is 
made so that the sound coming from the front of the microphone is reinforced and the 
sound from the back is cancelled. 

[0004] To implement the RC acoustic network, an acoustic resistive material may be 
disposed between the second sound inlet port and the diaphragm. This material may 
be made of sintered plastics, plastic felts, laser drilled disks, and the sound is made to 
travel through the material perpendicular to a plane of the material. That is, the 
material is typically provided in the form of a sheet or layer having a first surface and 
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a second surface. The sound is then made to travel substantially perpendicular to the 
first and second surfaces. 

[0005] This arrangement of the acoustic resistive material has several disadvantages. 
The acoustic resistive materials often have a relatively large amount of variability that 
has a great effect on the directional performance of the microphone, with laser drilled 
disks providing the least amount of variability of the currently available materials but 
at higher cost. Also, the physical volume of the material places limits on the size of 
the ECM making size reductions difficult. 

[0006] Accordingly, there is a need for an ECM that is inexpensive, simple to 
manufacture and scalable to relatively small sizes.. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 is en exploded view illustrating an embodiment of an electret 
condenser microphone (ECM); 

[0008] FIG. 2 is a bottom view of the ECM shown in FIG. 1 ; 

[0009] FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 2; 

[0010] FIG. 4 is a partial cross-sectional view taken within the circle 4-4 of FIG. 3; 

[0011] FIG. 5 is a top view of a metal wire cloth that may be used in an ECM; and 

[0012] FIG. 6 is a cross-section view taken along line 6-6 of FIG. 5. 
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DETAILED DESCRIPTION 
[0013] While the present invention is susceptible to various modifications and 
alternative forms, certain embodiments are shown by way of example in the drawings 
and these embodiments will be described in detail herein. It should be understood, 
however, that this disclosure is not intended to Umit the invention to the particular 
forms described, but to the contrary, the invention is intended to cover all 
modifications, alternatives, and equivalents falling within the spirit and scope of the 
invention defined by the appended claims. 

[0014] As will be appreciated from the following description of embodiments, an 
ECM may include a housing for the microphone. The housing may have a first sound 
inlet port and a second sound inlet port separate fi-om and spaced apart from the first 
sound inlet port. A diaphragm may be disposed within the housing with the 
diaphragm having a first side and a second side. The first side of the diaphragm may 
be acoustically coupled to the first sound inlet port and the second side of the 
diaphragm may be acoustically coupled to the second sound inlet port. An acoustic 
resistive element may be disposed within the housing and between the second sound 
inlet port and the second side of the diaphragm. The acoustic resistive element may 
have a first surface and a second surface separate and spaced apart from the first 
surface and a first edge extending between the first surface and the second surface and 
a second edge extending between the first surface and the second surface. The first 
edge may be acoustically communicatively coupled to the second inlet port and the 
second edge may be acoustically communicatively coupled to the second side of the 
diaphragm, wherein soimd is caused to be communicated fi-om the second sound inlet 
port to the second side of the diaphragm via the acoustic resistive element and fi-om 
the first edge of the acoustic resistive element to the second edge of the acoustic 
resistive element. 

[0015] Alternatively, an ECM may include a housing for the microphone. The 
housing may have a first sound inlet port and a second sound inlet port separate fi-om 
and spaced apart fi-om the first sound inlet port. A diaphragm may be disposed within 
the housing with the diaphragm having a first side and a second side. The first side of 
the diaphragm may be acoustically coupled to the first sound inlet port and the second 
side of the diaphragm may be coupled to the second sound inlet port. An acoustic 
resistive element may be disposed within the housing and between the second sound 
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inlet port and a chamber adjacent the second side of the diaphragm. The acoustic 
resistive element may be formed to include a flange portion having outer edge and an 
inner edge. The outer edge may be acoustically communicatively coupled to the 
second sound inlet and the inner edge may be acoustically communicatively couple to 
the chamber to form a resistance-capacitance network. 

[0016] Still further, an ECM may include a housing for the microphone with the 
housing having a sound inlet port. A diaphragm may be disposed within the housing, 
and the diaphragm may be acoustically coupled to the sound inlet port. An acoustic 
resistive element may be disposed within the housing and between the sound inlet 
port and the diaphragm. A backplate may be coupled to the diaphragm for converting 
motion of the diaphragm into an electrical signal. An amplifier may also be provided 
to provide an output from the ECM, and the acoustic resistive material may 
electrically couple the backplate and the amplifier. 

[0017] For the embodiments of an ECM described herein, the acoustic resistive 
material may be woven metal, sintered metal, felted metal, woven plastic, sintered 
plastic, felted plastic, woven organic fiber, sintered organic fiber or felted organic 
fiber. 

[0018] Referring to FIG. 1, a imidu-ectional electret condenser microphone (ECM) 

100 may include a housing 101 including a cup-shaped housing section 104, and a 
bottom housing section 120. The cup-shaped housing section 104 and the bottom 
housing section 120 may be joined together by crimping, welding or adhesive 
bonding, for instance. The housing 101 may be made of a conductive material, or to 
have a conductive material coating thereon. In the embodiment shown, the housing 

101 is made of aluminum. A through hole or sound port 106 is formed on a surface 
105 of the cup-shaped housing section 104 as shown in FIG. 1 to allow sound to enter 
a chamber 109. A dust guard 102 which is typically made of cloth or felt is adhered 
to the cup-shaped housing section 104 with an adhesive to cover the through hole 106 
for preventing debris from entering the microphone 100. 

[0019] The microphone 100 further includes a ring assembly 108 disposed on a base 
surface 107 of the cup-shaped housing portion 104. The ring assembly 108 includes a 
vibratory diaphragm 108a connected to a ring member 108b or diaphragm support. 
The ring member 108b may be made of stainless steel; however, any conductive 
material or material including a conductive coating, including brass or tin may be 
utilized. The vibratory diaphragm 108a of the ring assembly 108 must be capable of 
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vibrating in response to sound waves. As such, the vibratory diaphragm 108a may be 
made of a thin polymer film. For example, the diaphragm may be a 6 gauge thick 
polyethylene terephthalate film, commonly available imder the trademark MYLAR, 
or of any similar material. The vibratory diaphragm 108a is adhered to the ring 
member 108b of the ring assembly 108. The microphone 100 still further includes a 
spacer 110 disposed between the ring assembly 108 and a backplate 1 12 for 
separating the ring assembly 108 from the backplate 1 12. The thickness of the spacer 
110 sets the spacing between the ring assembly 108 and the backplate 1 12. The 
backplate 1 12 may be formed to include a plurality of sound holes 1 14 to allow the 
sound vibrations that enter the housing 101 to vibrate the diaphragm 108a. The 
backplate 1 12 may be made of stainless steel. The backplate 1 12 may further have a 
first surface that is plated with a polarized dielectric film or electret material. For 
example Teflon material may be coated or plated on the first surface of the backplate 
1 12. The coated backplate 1 12 is referred to as the fixed electrode of the electret 
assembly. Additionally, the coated backplate 1 12 is electrostatically charged. 
[0020] The spacer 1 10 is disposed between the ring assembly 108 and the wall of the 
housing 101 to electrically isolate the vibratory diaphragm 108a fi-om the housing 
101 . The spacer 1 10 is generally made of a non-conductive material, and for example 
may be made of a 200 gauge Mylar plastic. As shown in FIG. 1, the spacer 110 
provides for spacing the backplate 1 12 a set distance fi-om the ring assembly 108. 
This distance provides a defined gap between the backplate 1 12 and the vibratory 
diaphragm 108a, enabling air movement between the diaphragm 108a and the 
backplate 112. 

[0021] The dielectric film or electret material on the backplate 1 12 cooperates with 
the vibratory diaphragm 108a to develop an electric signal representative of the 
acoustic energy incident on the diaphragm 108a. As is understood by one of ordinary 
skill in the art, the operation of the microphone 100 is based on the change in 
capacitance between a fixed electrode, the backplate 1 12, and a movable electrode, 
the vibratory diaphragm 108a, under the influence of external air (sound) vibrations. 
The change in this capacitance is proportional to the changes in air pressure and can 
be converted into amplified sound vibrations via the electronic amplifier 122. The 
amplifier 122 then converts and amplifies the changes in capacitance into an electrical 
signal representative of those changes. 
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[0022] The microphone 100 may also include additional sound inlet ports 130 shown 
in FIGs. 2-4. The sound inlet ports 130, formed on the back of the microphone 100, 
for example by not completely crimping a flange 132 on the cup-shaped housing 
portion 104 at selected areas aroimd the circumference of the flange 132, are 
acoustically coupled to a second chamber 144 adjacent the diaphragm 108a. To affect 
additive combining of sound energy received at the front of the microphone 100 and 
to cancel sound energy received at the back of the microphone, an acoustic resistive 
element 1 18 is provided. The acoustic resistive element 118 may be woven metal, 
sintered metal, fehed metal, woven plastic, sintered plastic, felted plastic, woven 
organic fiber, sintered organic fiber, felted organic fiber. In the embodiment shown, 
the acoustic resistive material is conductive wire cloth, such as stainless steel cloth. 
As such, the acoustic resistive element 118 may also function to electrically 
interconnect the backplate 112 and electronic amplifier 122, which is placed across 
the top surface 136 of the bottom housing 120 of the housing 101 . 
[0023] That is, with continued reference to FIG. 3 and reference to FIGs. 5 and 6, the 
acoustic resistive element 1 18 is disposed between the electronic ampHfier 122 and 
the backplate 112. The acoustic resistive element 1 18 is formed with a top hat-like 
shape, with a flange or disk portion 1 1 1 and a wall or cylinder portion 1 13 with a lip 
115. Flange portion 1 1 1 electrically couples to the amplifier circuit board 1 12, while 
the lip 1 15 conductively engages the backplate 1 12 thereby electrically connecting the 
backplate 1 12 to the components on amplifier circuit board 122. The backplate 1 12 is 
in electrical connection with groimd through the conductive portions of the support 
member 1 16 and the housing 101 . As mentioned, the acoustic resistive element 118 
may made of a conductive metal cloth such as stainless steel; however any conductive 
material or material having a conductive coating may be utiHzed in the embodiments 
of the ECM wherein the acoustic resistive material 118 further serves to provide 
electrical coupling of the backplate 1 12 and the amplifier 122. 
[0024] The acoustic resistive element also acts to delay sound entering from the 
bottom housing section 120 through sound inlet ports 130. This sound passes around 
the amplifier circuit board 122 and enters a second chamber 144 via the acoustic 
resistive element 1 1 8. More particularly, the flange portion 1 1 1 of the acoustic 
resistive element has a first surface 136, second surface 138, a first edge 140 and a 
second edge 142. A sound path is created within the housing 101 such that the sound 
is caused to enter the acoustic resistive element 1 18 at the first edge 140, to travel 
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through flange portion 1 1 1 substantially parallel to the surfaces 136 and 138, to exit 
the acoustic resistive material via the second edge 142 and to enter the second 
chamber 144. This is entirely different than typical configurations wherein the sound 
is caused to pass through the acoustic resistive elements substantially perpendicular to 
the surfaces 136 and 138. Altematively, one will appreciate that the sound may be 
caused to travel axially within a wall of a cylinder of acoustic resistive material fi-om 
a first end edge to a second end edge, or in other similar configurations wherein sound 
is directed to travel within a surface of acoustic resistive material as opposed to 
normal to the surface. This arrangement has a number of advantages. 
[0025] The chamber 144 may be configured as a relatively large acoustic volume that 
acts as the capacitance, "C", of the resitance-capacitance, "RC", network. By 
increasing the capacitance value, the resistance may be made smaller, and hence 
easier to control. A consistent value of R may be obtained by using wire cloth, as 
described, and by arranging the acoustic path such that the sound travels fi*om the 
edge 140 to the edge 142. The acoustic resistive element 118 enables setting of the 
directivity of the microphone 100 as is well known in the art by tuning the RC value 
of the RC network formed by the acoustic resistive element 118 and the second 
chamber 144. 

[0026] Thus, in accoradance with the embodiments shown and described, sound 
enters an ECM at a first sound inlet port and enters a first chamber adjacent a first 
side of a diaphragm. Sound also enters the ECM at a second sound inlet port passes 
through an acoustice resistive material by traveling within a surface of the material 
fi-om a first edge to a second edge of the material and enters a second chamber 
adjacent a second side of the diaphragm. The acoustic resistive material and the 
second chamber form an RC network such that the sound entering the first chamber is 
reinforced while the sound entering the second chamber is canceled. 
[0027] All references, including publications, patent applications, and patents, cited 
herein are hereby incorporated by reference to the same extend as if each reference 
were individually and specifically indicated to be incorporated by reference and were 
set forth in its entirety herein. 

[0028] The use of the terms "a" and ''an" and "the" and similar referents in the 
context of describing the invention (especially in the context of the following claims) 
are to be construed to cover both the singular and the plural, unless otherwise 
indicated herein or clearly contradicted by context. Recitation of ranges of values 
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herein are merely intended to serve as a shorthand method of referring individually to 
each separate value falling within the range, unless otherwise indicated herein, and 
each separate value is incorporated into the specification as if it were individually 
recited herein. All methods described herein can be performed in any suitable order 
unless otherwise indicated herein or otherwise clearly contradicted by context. The 
use of any and all examples, or exemplary language (e.g., "such as") provided herein, 
is intended merely to better illuminate the invention and does not pose a limitation on 
the scope of the invention unless otherwise claimed. No language in the specification 
should be construed as indicating any non-claimed element as essential to the practice 
of the invention. 

[0029] Preferred embodiments of this invention are described herein, including the 
best mode known to the inventors for carrying out the invention. It should be 
understood that the illustrated embodiments are exemplary only, and should not be 
taken as limiting the scope of the invention. 
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